Diabetic retinopathy (DR) is a microvascular complication of diabetes and a leading cause of vision loss. Biomarkers and methods for early diagnosis of DR are urgently needed. Using a new molecular imaging approach, we show up to 94% higher accumulation of custom designed imaging probes against vascular endothelial growth factor receptor 2 (VEGFR-2) in retinal and choroidal vessels of diabetic animals (P<0.01), compared to normal controls. More than 80% of the VEGFR-2 in the diabetic retina was in the capillaries, compared to 47% in normal controls (P<0.01). Angiography in rabbit retinas revealed microvascular capillaries to be the location for VEGF-A-induced leakage, as expressed by significantly higher rate of fluorophore spreading with VEGF-A injection when compared to vehicle control (26؎2 vs. 3؎1 m/s, P<0.05). Immunohistochemistry showed VEGFR-2 expression in capillaries of diabetic animals but not in normal controls. Macular vessels from diabetic patients (n‫)7؍‬ showed significantly more VEGFR-2 compared to nondiabetic controls (n‫)5؍‬ or peripheral retinal regions of the same retinas (P<0.01 in both cases). Here we introduce a new approach for early diagnosis of DR and VEGFR-2 as a molecular marker. VEGFR-2 could become a key diagnostic target, one that might help to prevent retinal vascular leakage and proliferation in diabetic patients
mechanisms that underlie the transition from early DR to the proliferative stage remain elusive.
A key molecule in DR pathology is the vascular endothelial growth factor (VEGF)-A, a potent permeability (6) and angiogenic factor. VEGF-A causes proliferation of retinal endothelium by signaling through its cognate receptor, the VEGFR-2 (7). VEGF-A concentration in the eyes of diabetic patients correlates with neovascularization (8) , which makes it a therapeutic target (9) . However, equally important as VEGF-A itself is the dynamic expression and distribution pattern of VEGFR-2. Recently we showed highest VEGFR-2 expression in the tips of angiogenic vessels, which signals endothelial growth activity (10) . However, the dynamics of VEGFR-2 expression in retinal vessels during DR has not been studied in part due to lack of quantitative in vivo techniques.
There is currently no method for the evaluation of early molecular changes in the eye. The existing techniques, including angiography and optical coherence tomography, detect tissue changes, such as edema, microaneurysms, or neovascularization. To visualize individual molecules in the retina, we generated molecular imaging probes that bind to endothelial surface molecules (11) (12) (13) (14) . These probes are systemically injected and their interaction with target endothelial markers visualized by light-based imaging (11, 12) . The high sensitivity and specificity of this approach makes it ideal for detection of molecules with very low expression, such as growth factor receptors (12) . The noninvasive nature of the imaging approach further allows longitudinal investigations of the expression dynamics of the molecules of interest, something that was not possible with prior end point techniques (15) .
VEGF-A signaling through the VEGFR-2 is critical to DR pathology (16) ; however, the expression and the spatial distribution of the VEGFR-2 in DR is unknown. Using in vivo molecular imaging, we contribute new insights about this important molecule in the retinal vessels of diabetic animals and in human histological sections.
MATERIALS AND METHODS

Streptozotocin-induced type 1 diabetes
Male Long-Evans rats (180 -200 g, 6 -7-wk-old, Charles River Laboratories, Wilmington, MA, USA) were denied access to food overnight and intravenously injected with streptozotocin (STZ, 60 mg/kg, Sigma-Aldrich, St. Louis, MO, USA) diluted in citrate buffer (0.1 M, pHϭ4.5). Control animals were injected with citrate buffer. Animals were maintained in an air-conditioned room with a 12-h light-dark cycle with free access to water and food. Diabetic status was evaluated by measuring body weight and blood glucose levels. Animals with blood glucose levels higher than 250 mg/dl 24 h after STZ injection were considered diabetic. STZ-injected animals showed significantly higher blood glucose levels and lower body weight compared with the normal controls 2 wk after diabetes induction ( Table 1) .
This model of hyperglycemia is commonly used in retinal research, though it does not recapitulate important aspects of the human disease (17) . For instance, the STZ-treated rats do not show retinal angiogenesis, which is a key cause of severe vision loss in patients with DR. A more realistic model of human disease is the Nile grass rat (18) . This spontaneous model of T2D recapitulates all relevant hallmarks of the human metabolic syndrome, i.e., insulin resistance, dyslipidemia, and hypertension (18) . The recently characterized retinopathy in these animals shows close resemblance with the human disease and addresses many of the shortcomings of the existing models (19) .
Preparation of the molecular imaging probes
Carboxylated fluorescent microspheres (MSs, 2 m, Polysciences, Warrington, PA, USA) were covalently conjugated to protein G (Sigma-Aldrich), using a carbodiimide-coupling kit (Polysciences) (14) . MSs were incubated with nonimmune mouse IgG (mIgG, ctalog no. 0102-14; Southern Biotech, Birmingham, AL, USA), anti-KDR mAb (ab9530; Abcam, KDR/ EIC, Cambridge, MA, USA), BSA, or VEGF165 (catalog no. 293/VE/CF; R&D Systems, Minneapolis, MN, USA), for 2 h at room temperature on a rotary shaker and subsequently washed with PBS and BSA (0.1%). Subsequently, MSs were washed again in PBS and sonicated before use in vivo. Here 3 ϫ 10 8 MSs were injected in each animal.
Quantification of molecule number on imaging probes
The average number of ␣-VEGFR-2 mAb or VEGF molecules on the MS surfaces was determined as described previously (14) . Briefly, nonfluorescent MSs (10 6 /ml, Polysciences) conjugated to ␣-VEGFR-2 Ab (mouse-antirat) were incubated with FITCconjugated goat-anti-mouse IgG or its isotype-matched control (BD Biosciences, Franklin Lakes, NJ, USA) for 30 min or nonfluorescent MSs conjugated to hVEGF-A or albumin and then incubated with rabbit-anti-human VEGF-A Ab for 30 min. After washing with PBS, the MSs were incubated with FITCconjugated anti-rabbit IgG. Centrifuged at 4000 g for 5 min, washed twice, and resuspended into PBS. The fluorescence intensity of 10 4 MSs was measured on a FACScan (Coulter EPICS XL; Beckman Coulter, Fullerton, CA, USA), equipped with the System Work II software.
In parallel, calibration beads (Quantum Simply Cellular; Bangs Laboratories, Fishers, IN, USA) were coated with reference fluorescence antibodies, as described previously (14) . Four different populations of MSs with known densities of binding sites for Fc were coated with goat-anti-mouse IgG. Uncoated MSs were used as a control. A calibration curve was generated (R 2 ϭ0.99), based on which the average number ␣-VEGFR-2-Ab or VEGF molecules (27453 and 27094) on the MS surface were determined (Supplemental Fig. S1 ).
In vivo molecular imaging of retinal and choroidal vessels
To evaluate the number of adherent MSs in the retinal vessels and the choriocapillaris in normal and diabetic animals, a scanning laser ophthalmoscope (SLO; HRA2; Heidelberg Engineering, Dossenheim, Germany) was used to make continuous high-resolution fundus images. An argon blue laser was used as the excitation light, with a regular emission filter for fluorescein angiography, as the excitation (441nm) and emission (488 nm) maxima of the MSs are comparable with those of sodium fluorescein. After MSs were injected, SLO images were obtained in a 30°angle at 15 frames/s and digitally recorded for further analysis. Images were recorded 30 min after MS injection. The bright spots in SLO micrographs were quantified as a measure for the number of the adherent MSs (Supplemental Fig. 2 ).
Rats were anesthetized with xylazine hydrochloride (10 mg/ kg) and ketamine hydrochloride (50 mg/kg), and their pupils were dilated with 0.5% tropicamide and 2.5% phenylephrine hydrochloride. A contact lens was used to retain corneal clarity throughout the experiment. Conjugated MSs (3ϫ10 8 /ml in saline) were continuously injected into the tail vein within 1 min through a 30½ gauge needle. Thirty minutes after the initial injection of the conjugated MSs, the number of free-flowing MSs in the vessels of normal and diabetic rats was substantially diminished, presumably due to the interaction of the MSs with the endothelium of the vessels throughout the body. This allowed us to identify and quantify the number of accumulated MSs in the retinal and choroidal vessels as distinct stationary fluorescent marks with high contrast against the nonfluorescent background. ImageJ software (version 1.41; U.S. National Institute of Health, Bethesda, MD, USA) was used for analysis. For automated quantification of the number of bound MSs in the choriocapillaris microvasculature, the confocal images were merged and subsequently the area of the bright spots measured in ImageJ software.
Ex vivo evaluation of probe binding
Animals were perfused with PBS (pH 7.4) and rhodaminelabeled concanavalin A lectin (RL-1002, Con-A; Vector Laboratories, Burlingame, CA, USA), 10 g/ml in PBS (pH 7.4). Subsequently 15 ml PBS was injected to wash out excess concanavalin A (ConA). The retina and choroid were microdissected and flatmounted, using a fluorescence antifading medium (Vectashield; Vector Laboratories). The tissues were then observed under an epifluorescence microscope (DM RXA; Leica, Deerfield, IL, USA). Openlab image analysis software (Improvision, Boston, MA, USA) was used to merge images of the MSs (green) with the retinal and the choroidal tissues (red). Microsphere numbers were quantified in each preparation.
Adhesion studies under flow conditions
To investigate the impact of shear on MS adhesion, we performed microfluidic studies under controlled shear conditions (20) . Microflow chambers were coated with recombinant VEGFR-2 (5 g/ml, catalog no. 357-KD/CF; R&D Systems) at 4°C overnight and washed with PBS. Protein-coated chambers were connected to a biocompatible polyester tubing (catalog no. TGY-010-C; Small Parts Inc., Logansport, IN, USA) and a 1 ml syringe filled with conjugated MSs (1ϫ200 dilution compared to animal experiments). With the help of a syringe pump, conjugated MSs were injected through the parallel plate flow chambers. Live videos of the MSs flowing and interacting through the chambers were obtained at 2.5 dyn/cm 2 shear stress at ϫ10 view for 10 min. The number of adhering MSs was obtained by counting 10 different fields of view at each condition per chamber.
Western blot analysis
Animals were perfused with PBS (500 ml/kg body weight), and eyes were enucleated. Retina and choroid were microsurgically isolated and placed into 150 l of lysis buffer (mammalian cell lysis kit MCL 1; Sigma-Aldrich), supplemented with protease and phosphatase inhibitors (Sigma-Aldrich), and sonicated. The lysate was centrifuged (12,000 rpm, 15 min, 4°C) and the supernatant was collected. Each sample containing equal amount of total protein, quantified by protein assay (Bio-Rad Laboratories, Richmond, CA, USA) was separated by SDS-PAGE (sodium dodecylsulfate-polyacrylamide gel electrophoresis), and electroblotted to PVDF (polyvinylidene fluoride) membranes (Invitrogen, Carlsbad, CA, USA). Membranes were washed with 5% skim milk and subsequently incubated with a rabbit polyclonal antibody against VEGFR-2 (1:1000, catalog no. 2479; Cell Signaling, Danvers, MA, USA) or a mAb against ␤-tubulin (1.5 g/ml; Abcam) at 4°C overnight, followed by incubation with a horseradish peroxidase-conjugated donkey or sheep antibody against rabbit or mouse IgG (1:2000; GE Healthcare UK, Little Chalfont, UK). The signals were visualized with chemiluminescence (ECL kit; GE Healthcare UK) according to the manufacturer's protocol.
Immunohistochemistry
Animals were perfused with Rhodamine ConA and PBS to remove the intravascular content. Retinal flatmounts were fixed (4% paraformaldehyde), washed with PBS, and incubated overnight at 4°C with rabbit anti-mouse VEGFR-2 (5 g/ml PBS, catalog no. ab9530; Abcam, KDR/EIC). Secondary antibodies included anti-rabbit Ab (Vector Laboratories) and FITC-conjugated Ab (Jackson ImmunoResearch Laboratories, West Grove, PA, USA).
In vivo leakage measurements in rabbit retinal capillaries
Dutch-belted rabbits (1.5 kg; Myrtle's Rabbitry, Thompsons Station, TN, USA) were anesthetized and intravitreally injected with VEGF (100 ng, Sigma-Aldrich) or PBS (10 l). Two days later high-resolution videos (1 min, 5 frame/s, 1536ϫ1636 pixels) of the early-phase angiographies were taken with a Spectralis HRA-OCT instrument (Heidelberg Engineering, Heidelberg, Germany). For the angiographies, the pupils were dilated with a drop of atropine sulfate (1% solution; Falcon Pharmaceuticals, Fort Worth, TX, USA) and phenylephrine hydrochloride (Akorn, Buffalo Grove, IL, USA). Sterile filtered sodium-fluorescein (2.5 mg/kg; SigmaAldrich) was injected intravenously through the marginal ear vein. From the recorded videos, 47 consecutive frames (14 -25 s postinjection) were extracted, and 9 successive frames (at 1 s intervals) were selected for image analysis. The presence and spread of fluorescence (fluorescein bubble diameter) at the tips of retina capillaries was measured using Adobe Photoshop CS4 (Adobe Systems, San Jose, CA, USA) and converted to distances using the scale bars on the extracted frames (200 m/21 pixels). Nine individual retinal areas were selected for quantitation. The rate of bubble diameter increase was determined from linear regressions (Excel 2010; Microsoft, Redmond, WA, USA).
VEGFR-2 in the human retina
After removal of the corneoscleral disc from the whole globe for transplantation purposes, the residual globe was radially incised through the pupillary margin into 4 quadrants. Subsequently, using a magnifying lamp, the retina was evaluated for the presence of hemorrhages, edema, gross neovascularization, or vitreal abnormalities and categorized into 5 groups: no DR, mild nonproliferative DR (NPDR), moderate NPDR, severe NPDR, and proliferative DR (PDR). The eyes that were used in the study were from the mild and moderate NPDR groups. The study did not include eyes that showed more advanced signs of disease, since we were interested in examining the potential of VEGFR-2 as an early diagnostic marker. After staging, the sampling from the macular and peripheral retinal areas was performed. The age of the donors ranged from 48 to 74 yr (60.7Ϯ8.03 yr). All eyes were from individuals with type 2 diabetes.
Real-time RT-PCR
Total RNA was extracted using QIAzol Lysis Reagent (Q79306; Qiagen, Hilden, Germany). Concentration and purity of the isolated RNAs were determined using the NanoDrop spectrophotometric analysis. Reverse transcription reaction was performed with QuantiTect Reverse Transcription Kit (205311; Qiagen) and then real-time RT-PCR was performed by a QuantiFast SYBR Green PCR Kit (204054; Qiagen). Primers were GAPDH (QT01192646; Qiagen), B2M (QT00088935; Qiagen), and ACTB (QT01680476; Qiagen) for housekeeping genes and VEGFR-2 (QT00069818; Qiagen). PCR parameters were initial denaturation (one cycle at 95°C for 10 min); denaturation, annealing/amplification for 40 cycles at 95°C for 10 s and 60°C for 30 s, respectively; melting curve, 72°C, with a gradually increasing temperature (0.5°C) to 95°C.
Statistical analysis
All values are expressed as means Ϯ sem. Data were analyzed by Student's t test. Differences between the experimental groups were considered statistically significant or highly significant, when P Ͻ 0.05 or P Ͻ 0.01, respectively.
RESULTS
Increased VEGFR-2 expression in the retina and choroid vessels of diabetic rats
To investigate VEGFR-2 expression in DR, we performed Western blot analysis and immunohistochemistry of VEGFR-2 in retinal and choroidal tissues of normal and diabetic animals (Fig. 1A, C) . In the retinal as well as in the choroidal tissues, the ratio of VEGFR-2 to ␤-tubulin was significantly higher in the diabetic animals (Fig. 1B, D) .
Normal animals showed low level of background staining for VEGFR-2 in immunohistochemistry. In contrast, the retinal capillaries of the diabetic animals showed significant staining for VEGFR-2 (Fig. 1E) . Interestingly, in diabetic animals most VEGFR-2 staining was found in capillaries, when compared to the larger retinal vessels. This suggests that the microvascular endothelium is a likely source of VEGFR-2 expression in diabetes.
In vivo molecular imaging of VEGFR-2 in the retina
To quantitatively investigate the expression of VEGFR-2 in the retina, we performed in vivo imaging using custom-designed molecular probes (12) . Compared to conventional fundus imaging that visualizes the anatomy ( Fig. 2A) , the new technology provides a discrete signal for expression of the molecules of interest ( 
2B
). An important distinction from other existing nanoprobes is that our system resolves individual signals that arise from monomolecular interactions. This level of resolution in vivo has been unprecedented (12) .
In normal animals, ␣-VEGFR-2-and control IgGconjugated probes showed low interaction with the retinal endothelium, and there was no significant difference between the 2 groups, as quantified using an automated signal tracking algorithm (Fig. 2C) . In comparison, in the STZ-injected animals with type 1 diabetes, significantly more ␣-VEGFR-2-Ab-conjugated probes accumulated, 30 min after injection (Fig. 2D) .
To validate the in vivo results, we generated histological flatmounts. Analogous to the in vivo findings, the flatmounts of the diabetic animals injected with ␣-VEGFR-2 probes showed significantly higher accumulation numbers in retinal vessels (Fig. 3A, B) , as well as in the choriocapillaris (Fig. 3C, D) than the animals injected with the IgG-conjugated control probes. In the retinal and choriocapillaris vasculature of the normal controls, the binding of the IgG-conjugated MSs did not differ from ␣-VEGFR2-Ab-conjugated probes.
Leukocytes also express VEGFR-2 and are known to accumulate in the microvasculature of diabetic animals. Therefore, we examined whether the probes directly bind to the microvascular endothelium or also to the accumulated leukocytes. Indeed, 18.4% of the ␣-VEGFR2 probes were found to bind to the accumulated leukocytes (Fig. 3E) .
VEGFR-2 distribution in retinal vessels of diabetic animals
Quantification of the distribution of all retinal samples revealed a significantly larger ratio of ␣-VEGFR-2 probe binding in the capillaries compared to the larger vessels in diabetic animals. The control probes bound at equally low numbers in normal and diabetic animals. In normal animals, there was no significant difference between the distribution of ␣-VEGFR2-Ab-and IgGconjugated control probes, while in diabetic animals the majority of the probes were found in the capillaries when compared to the larger vessels (Fig. 3F) . Approximately 1% of the probes bound in the retinal arteries. The micrograph of a whole retinal preparation from a diabetic animal strikingly illustrates that the large majority of the ␣-VEGFR2 probes accumulated in the capillaries vs. in the larger vessels (Fig. 3G) .
VEGF-A-conjugated imaging probes detect endothelial injury in vivo
To facilitate the translation of this molecular imaging approach, we generated VEGF-A coated probes for targeting of the endothelial VEGF receptors. The efficacy of these probes were tested in normal controls and animals with type 1 diabetes (Fig. 4A) .
In vivo SLO imaging showed low adhesion numbers for VEGF-A-and albumin-coated control probes in retinal and choroidal vessels in normal animals. In comparison, in diabetic animals significantly more VEGF-Acoated probes adhered to the fundus vessels than control probes (Fig. 4B) . This provides proof of principle that endogenous growth factors can be used for molecular imaging of their cognate receptors in diabetes.
To examine the location and distribution of the VEGF-A-and albumin-coated probes in the retinal and choriocapillaris vessels, we made histological flatmounts from retinal (Fig. 4C) and choroidal (Fig. 4E) tissues of normal and diabetic animals. In line with our in vivo SLO findings, epifluorescence microscopy showed that most VEGF-A probes accumulated in the retinal (Fig. 4D) and choroidal (Fig. 4F) capillaries of the diabetic animals.
Adhesion efficacy under physiological shear
To examine the adhesion properties of the VEGF-A and ␣-VEGFR-2 probes under physiological shear conditions, we performed microfluidic studies. The interaction of the imaging probes with immobilized rVEGFR-2 was visualized by video microscopy under the controlled shear of n ϭ 6 in each group. E) Imaging probes (green arrows) bound to a firmly adhering leukocyte (white arrows). F) Ratio of ␣-VEGFR-2 probes in larger vessels to capillaries in the retina of normal and diabetic animals. n ϭ 6 in each group. G) A whole retinal flatmount from a diabetic animal, illustrating that the majority of the ␣-VEGFR-2 probes (green) are in capillaries. N.S., not significant. **P Ͻ 0.01.
2.5 dyn/cm 2 ( Fig. 5A) (20) . Both ␣-VEGFR2-Ab-and rVEGF-A-conjugated probes adhered significantly more than the control probes (Fig. 5B) . Interestingly, ␣-VEGFR-2 adhesion was higher than VEGF-A probes, likely due to the higher affinity of the antibody to the receptor than VEGF-A. However, the in vivo imaging experiments showed that VEGF-A coated probes show sufficient binding. This could be possibly because ␣-VEGFR-2 exclusively bind the VEGFR-2, whereas VEGF-A also binds the other VEGF receptors, a fact that could compensate for the lower affinity of the probes.
VEGF-A-induced leakage from retinal vascular tips in vivo
Next we investigated the location of the VEGF-A-induced vascular leakage by conducting in vivo fluorescein angiography with and without intravitreal VEGF-A injections. For these experiments we chose the rabbit eye, as the rabbit retina is only partially vascularized, which provides a unique opportunity to observe the leakage of capillary tips at the border of the vascularized and the nonvascularized areas. Intravitreal VEGF-A injection caused a previously unreported rapid fluorescein leakage formation around the capillary tips in the early-phase angiographies, indicating a spacially confined reduction in blood-retinal-barrier, while no leakage occurred around the other vessels or in the PBSinjected eyes (Fig. 6A) . Quantification of the extravascular fluorescein showed a significantly higher rate of spreading (26Ϯ2 m/s), compared to the PBS-injected (3Ϯ1 m/s) animals (Fig. 6B) . These results indicate that in normal animals, retinal capillaries are the main location of VEGF-A's action. Since VEGFR-2 is the main endothelial receptor for VEGF-A, the BRB leakage in these experiments might be the equivalent of the capillary VEGFR-2 expression that was found by our molecular imaging.
Higher VEGFR-2 expression in the macula of diabetic patients
To investigate the role of VEGFR-2 in human DR, we obtained retinal tissues from healthy subjects and individuals with type 2 diabetes (average age 60.7Ϯ8.03 yr, 60% male). Only eyes with mild or moderate NPDR were included in the examination. Among these eyes, only one eye contained hard exudates. In each retina we performed real-time RT-PCR from the macular tissue as well as the peripheral retinal regions. VEGFR-2 was expressed over 10-fold in the macula of patients with DR compared to the normal nondiabetic controls and was elevated ϳ4-fold in the periphery (Fig. 7) . Interestingly, VEGFR-2 was significantly higher in the maculas of the patients with DR compared to the peripheral regions of the retinas of the same patients. For normalization of the results, 3 different housekeeping genes were used, BACT, GAPDH, and B2M, the results of which were comparable in either case. The macular and peripheral increases were 10.78-and 4-fold (BACT), 9.72-and 6-fold (GAPDH), and 7.44-and 2.71-fold (B2M), respectively.
DISCUSSION
Vision loss from DR is preventable with early intervention, yet to date it has not been possible to visualize retinal endothelial injury in patients with diabetes (21) . Ideally, early detection of DR would allow treatment before irreversible structural damages occur. Therefore, the need is great to discover biomarkers of early DR and develop realistic strategies for subclinical diagnosis (21) .
The eye provides a unique portal for light-based molecular imaging of retinal endothelial surface molecules. To detect VEGFR-2, we generated 2 different imaging probes, one having an ␣VEGFR-2 mAb and another rVEGF-A as surface moiety. Both probes showed specificity for the target, while the rVEGF-A could also bind to the other VEGF receptors. To prevent side effects of the VEGF-A molecule, a mutated version of the protein that binds to its endothelial receptor but does not cause angiogenesis could be used (22) .
Our results showed a higher VEGFR-2 expression in the retinal microvessels of rodents with type 1 diabetes and humans with type 2 diabetes, which could make this molecule a diagnostic target in both types of disease. In the diabetic human retina, the microvessels in the macular region expressed the highest VEGFR-2 levels. Since endothelial VEGFR-2 is a prelude to angiogenesis (10) , this could mean a higher susceptibility of the macular microvessels for neovascularization. Using our novel noninvasive molecular imaging approach, we show elevated VEGFR-2 expression in retinal and choroidal vessels of diabetic animals. The in vivo data were consistent with the outcome of the established histological flat mounts and Western blotting. Even though, choroidal vessels were not traditionally thought to be involved in the diabetic retinopathy, our results indicate their participation. In the diabetic retina, we found VEGFR-2 primarily in the capillaries compared to the larger vessels. Consistently, intravitreal injection of VEGF-A in the rabbit eye showed leakage at the tips of retinal capillaries. Since the proliferative DR is a microvascular disease, the expression and distribution of VEGFR-2 in diabetes suggest a mechanistic role for this molecule in the pathogenesis.
Our results show the translational potential of VEGFR-2 as a biomarker for DR. Molecular imaging of endothelial VEGFR-2 could provide a warning before clinical symptoms develop. At such an early stage, effective treatments could halt disease progression. Ultimately, whether VEGFR-2 can predict human DR will need to be decided in future clinical trials. Quantitative real-time RT-PCR analysis of VEGFR-2 in macular and peripheral retinal tissues from human diabetic samples (nϭ7, each group) and normal controls (nϭ5). The mRNA levels were normalized to 3 housekeeping genes, BACT, GAPDH, and B2M, the outcome of which were comparable. VEGFR-2 expression was increased in macula and periphery of diabetic samples, however, significantly more in the macula compared to the periphery.
